INTRODUCTION
Our principal tool to stem biodiversity loss resulting from anthropogenic processes is the establishment and management of protected areas, which now cover over 15 per cent of the world's land surface (Juffe-Bignoli et al., 2014) . Signatories to the Convention on Biological Diversity are required to extend the coverage of terrestrial protected areas to 17 per cent of their national territory by 2020 and ensure that they are 'effectively managed' (CBD, 2010) , however their effectiveness depends on their ability to buffer their constituent ecosystems and species from the processes that threaten their viability (Gaston et al., 2008) , and, globally, we know little about the success of protected areas in maintaining their condition over time (Cabeza, 2013; Geldmann et al., 2013) . Key aspects of protected area management required to ensure their effectiveness include surveillance, which allows the detection of principal cause of deforestation in Latin America and South-east Asia Ziegler et al., 2009; Ziegler et al., 2012) . However, in many other tropical developing countries, small-scale farmers practising shifting cultivation techniques for either subsistence or export-oriented cash cropping remain the principal agents of deforestation (Carr, 2009; Mertz, 2009; Gorenflo et al., 2011) . Although data are scarce, the practice may support hundreds of millions of people worldwide , amongst them the poorest of the rural poor (Angelsen & Wunder, 2003; Hulme & Sheperd, 2003) . The enforcement of protected area rules, if unaccompanied by other measures, offers only a partial solution to shifting cultivation as a conservation problem, since it may simply displace the activity elsewhere (a phenomenon known as leakage, Ewers & Rodrigues, 2008; Kindermann et al., 2008) .
Shifting cultivation is particularly difficult for protected area managers to detect, monitor and manage because, being illegal in most countries, it largely takes place in remote areas Heiniman et al., 2013) . Remote sensing using satellite imagery provides a range of powerful tools that are increasingly used to monitor deforestation worldwide (Jensen, 2007) , however the detection and monitoring of shifting cultivation in this way is problematic due to the highly dynamic nature of the phenomenon and the complex, small-scale land use mosaics that it produces, composed of fields, fallows of various lengths and secondary forests, each with complex spectral signatures Mertz, 2009; Hurni et al., 2013a) . As a result, remotely sensed data on deforestation patterns associated with shifting cultivation are rarely available at the regional or local scale required by protected area managers (Hurni et al., 2013b) . In addition, satellite images may be expensive at the necessary resolution and available only after significant time lags, and require highly specialized technical expertise that is beyond the capacity of most State protected area management authorities and NGOs working on the ground in tropical developing countries. Critically, satellite images also tell managers little about
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Although extensive areas remain, almost all of Madagascar's forests are threatened by shifting cultivation © Louise Jasper the actors involved in shifting cultivation nor the factors affecting their livelihood decision-making, thus limiting their utility in developing tailor-made management responses. Further, the outputs of remote sensing analyses (essentially maps of various kinds) may be difficult to interpret by non-specialists, limiting their value as tools for communicating with and engaging other protected area stakeholders, including decisionmakers, national and local authorities and shifting cultivators themselves. There thus remains a clear need for reliable, effective and efficient methods that can be used by protected area managers in tropical developing countries to rapidly detect and respond to shifting cultivation.
Here, we describe a new method for detecting and understanding shifting cultivation in protected areas in Madagascar, based on the use of oblique aerial photography in conjunction with the online tool Google Earth. We first describe the context and challenges of protected area management in Madagascar, and then outline the method used in aerial photography and image treatment, before describing how the outputs of the surveillance programme are used in protected area management. We then present some preliminary results on the effectiveness of the method in reducing deforestation in southwest Madagascar, and conclude by discussing the role of aerial photography in protected area management and the strengths and weaknesses of the approach with respect to the alternative method, remote sensing using satellite imagery.
MATERIALS AND METHODS

 Study system
Madagascar is a global conservation priority possessing an unparalleled combination of diversity and endemism (Brooks et al., 2006; Holt et al., 2013) . The vast majority of the endemic biota is forest dependent (Goodman & Benstead, 2005) , and is thus threatened by deforestation, which remains a major problem in all remaining forest areas -for example, 8.6 per cent of forest cover was lost in the decade from 1990-2000 (Harper et al., 2007) , and deforestation continues to occur even within national parks (Allnutt et al., 2013) . Most of this deforestation is associated with shifting cultivation (Casse et al., 2004; Gorenflo et al., 2011) , which has been illegal throughout the country since pre-Colonial times (Raik, 2007) and takes two main forms -tavy, the cultivation of hill rice in the humid east, and hatsake, the cultivation of corn (and occasionally other crops such as tobacco, cassava and sorghum) in the dry west and south (Scales, 2014) . In both regions the process involves farmers cutting the shrubs and smaller trees within a defined area of forest during the dry season (which lasts from about May to November), leaving the vegetation to dry for several months, and then burning it. The ash from burning fertilizes the soil which is sown and cultivated before the arrival of the rains in around November (north and east) or December-January (southwest), but the land is generally abandoned after 3-5 years due to declining fertility and the invasion of unmanageable weeds (Razanaka et al., 2001; Pollini, 2012) .
The drivers of shifting cultivation are complex (Razanaka et al., 2001; Scales, 2014) . Traditionally a subsistence activity, over recent decades the uptake of hatsake, in particular, has been heavily influenced by booms in the price of maize as an export crop (Blanc-Pamard, 2004; Minten & Méral, 2006; Scales, 2011) . Since it takes place at the forest frontier, it is usually carried out by migrants: in southwest and western Madagascar these may be migrants from the far south fleeing drought or seeking cash with which to buy Zebu cattle (Réau, 2002; Casse et al., 2004) , but also residents of the region who turn to the forest as a safety net when farming their permanent fields becomes insufficiently productive, for example following the loss of irrigation infrastructure, changing rainfall patterns or the destruction of their fields in extreme flooding events (Virah-Sawmy et al., 2014; Gardner, unpublished data) . However, wealthy local residents may also be involved in the process, employing migrant labourers to carry out hatsake for them under a share-cropping arrangement (Minten & Méral, 2006; Scales, 2011) .
As part of efforts to stem ongoing biodiversity loss, the Government of Madagascar committed, in 2003, to tripling the coverage of their protected area system (Kremen et al., 2008; Corson, 2014) . Prior to 2003 the protected area network consisted of 47 strict nature reserves, national parks and special reserves (Randrianandianina et al., 2003) -'strict' categories of protected area (IUCN categories Ia, II and IV respectively) managed by the State (through the parastatal Madagascar National Parks (MNP)) for conservation, research and recreation, and in which all extraction of natural resources was banned or highly regulated. The Durban Vision, as the expansion process became known, entailed major changes in the country's approach to protected area management.
Since the majority of sites prioritized for the creation of new protected areas as part of the Durban Vision (Kremen et al., 2008) are home to large populations of people that depend on natural resources to varying extents for their subsistence and household income, the existing model of strict protected areas was recognized as inappropriate. Most new sites are therefore proposed/ designated as 'multiple-use' protected areas (IUCN categories III, V and VI) in which the sustainable use of natural resources is permitted according to a zoning plan (Gardner, 2011) (although shifting cultivation remains illegal throughout the country), and the majority are managed through shared governance arrangements by non-governmental organizations (NGOs), local community associations and regional authorities (VirahSawmy et al., 2014) . The objectives of the new, expanded protected area system (SAPM), which includes the Durban Vision generation of new protected areas as well as the MNP-managed portfolio of strictly-protected sites, were expanded to include the conservation of Madagascar's cultural heritage and the sustainable use of natural resources for poverty alleviation and development alongside biodiversity conservation, but this creates a great challenge for managers since most traditional forms of resource use have negative impacts on endemic biodiversity (Gardner, 2009; Irwin et al., 2010) . Thus approaches to protected area management have largely focused on improving the sustainability of existing land-use practices and developing alternative livelihoods to reduce dependence on natural resources (Gardner et al., 2013) , as well as the contractual transfer of management rights to local communities through natural resource management transfers (Ferguson et al., 2014; Pollini et al., 2014 Each participating protected area is subject to an annual over-flight in a small, four-seat aircraft (Cessna 182). Permanent 'transects' are established over each site, and programmed into the GPS of the pilot to facilitate repeated transects. In the relatively flat and dry areas of southern Madagascar transects are laid in parallel and spaced 3 km apart, covering the whole protected area (Fig. 1a) , however cloud cover associated with the mountainous rainforest of northern Madagascar can prevent flying across the centre of protected areas: in these sites, in addition to parallel transects, alternative transects are established around the forest edge at the base of the mountain to minimize the constraints of possible cloud cover (Fig. 1b) takes place primarily at lower elevations, this method nevertheless permits the observation of deforestation at the forest edge. In the spiny forest, parallel transects placed 3 km apart permit 100 per cent detection of new clearings > 0.5 ha in area; however, the distance between transects can be increased in order to reduce flight distance and therefore cost, with a resulting decrease in detection power. We estimate that transects spaced 6 km apart permit detection rates of approximately 80 per cent of new clearings > 0.5 ha in area.
All transects are flown at a height of 500 m above ground level with two observers taking photographs manually, perpendicular to the direction of travel (one facing left, and one facing right). Each observer takes three photographs every 3 s; one with the horizon at the top of the viewfinder, one a little lower, and the third with the bottom of the plane window at the bottom of the viewfinder. This allows the majority of the landscape to be covered (Fig. 2) . All images are taken with a Nikon D300S with a fixed focal length of 28 mm, 400 ISO with automatic f-stop and shutter speed, and automatic white balance. The camera is connected to a global positioning system (GPS (Garmin, Pilot III)), therefore each photograph contains the geographical coordinates and height of the location from which it was taken amongst its properties. No stabilization apparatus is needed for the camera, which is simply hand held by the photographer.
Aerial transects in dry southwestern Madagascar are carried out in November-December, at the end of the burning season and before the start of the rains. Flights in humid eastern and northern sites are vulnerable to windy and cloudy weather, and therefore take place in July and August when conditions are most favourable.
 Image analysis
Photographs taken in successive years from the same transect and with the camera facing in the same direction can be directly compared to identify new sites of deforestation, following processing in Adobe Photoshop to increase clarity and contrast. On all substrate types, newly burned clearings can be easily distinguished from older clearings by their grey colour resulting from ash deposits; older clearings assume the colour of the substrate (white for limestone, red for sands and other soils).
The specific location of each identified clearing is determined using Google Earth and ARCview or ARCgis geographical information systems (GIS) software. KML files showing the flight route (transects) and protected area limits are loaded onto Google Earth, and the image of the clearing opened alongside (ideally on a second screen, although half-sized windows on the same screen are also possible). A landmark is created in Google Earth at the point from which the image was taken, using the geographical coordinates embedded in the image properties, and is given the same name as the image. Zooming in to the landmark until the height from which the image was taken (500 m) is reached, the view angle is then rotated until a view equivalent to that shown in the image is obtained. the clearing is then manually drawn on Google Earth and marked by a landmark at its centre (Fig. 3) . The area of each polygon (clearing) is automatically calculated in Google Earth Pro but can also be calculated by importing the KML files of deforestation polygons drawn on Google Earth into GIS software. Plotting the cumulative area of new clearings allows managers to calculate and monitor the area and rate of deforestation on an annual basis.
Maps of new clearings produced on Google Earth are used by protected area managers to identify important areas of deforestation and prioritize sites for rapid intervention, which requires field staff to reach the locations on foot. For each clearing to be visited, aerial images and Google Earth are used to identify the nearest village and map accessible routes to the clearings using existing paths; once the most accessible route is identified, it is marked on the satellite image alongside hamlets and other features and landmarks. reverse side, providing a tool that allows patrols to easily locate new clearings by following the route marked on the map and using the 'go to' function on hand-held GPS units to reach selected landmarks.
 Use of aerial photographs in protected area management While the monitoring of deforestation rates over time generates data that can be used to evaluate the effectiveness of management interventions as part of the adaptive management cycle, the primary use of oblique aerial photography is to enable the rapid detection of, and response to, deforestation in and around protected areas. Following the identification of priority sites for intervention through the analysis of aerial images, foot patrols visit each target area to engage with farmers practising illegal shifting cultivation. Foot patrols generally comprise staff of the protected area managers or promoters (i.e. MNP or NGO promoters, as well as representatives of community-based governance structures) and representatives of local authorities (for example the mayor of the commune and village leaders (elected and traditional) from the area in which the deforestation occurred); they may also include agents of the Environment and Forest Service, which has legal authority and responsibility for all Madagascar's forests. Patrols typically travel initially to the nearest hamlet to the observed clearing, and then visit the clearing itself with villagers from that hamlet.
The form of management intervention carried out by patrols varies according to management category and governance mode of the protected area in question: in strict protected areas managed by MNP, patrols focus on law enforcement and may involve the arrest of the perpetrators of the deforestation, or delivery of a summons to appear in court. In new protected areas, however, patrols do not enforce the law but focus on sensitization and communication, for which oblique aerial photographs are a powerful tool. Patrols visiting hamlets and villages adjacent to deforestation areas use oblique aerial photographs (printed and laminated) to initiate and illuminate discussions with shifting cultivators about their livelihoods, the impacts of their activities on the surrounding landscapes and potential alternatives or management responses, as well as to discuss the illegality of their activities and the existence of the protected area. Aerial imagery plays an important role in these discussions; agents initially use a close-up image of the village or hamlet in question, which helps to initiate villagers into the analysis of photographs as they recognize individual buildings, trees and other landmarks. Images situating the village in the wider landscape, alongside those showing the increase in deforestation in successive years, provide villagers with powerful new insight into the changes occurring in the surrounding landscape and the rate at which forests are disappearing. In addition to any direct dissuasion effects resulting from these visits by the authorities, the use of aerial photographs in discussions with shifting cultivator communities has allowed protected area management staff to gain knowledge and understanding of the social dynamics of shifting cultivation and the factors shaping the livelihood decisions of farmers that has proved invaluable in the formulation of management strategies, while also providing communities with an avenue to express their concerns directly to managers.
The ease with which oblique aerial photographs can be intuitively interpreted, compared to vertical pictures, maps and satellite images, renders them a powerful communications tool. As well as facilitating dialogue with shifting cultivator communities themselves, the images generated during the course of the programme have proved valuable for communicating with diverse audiences and protected area stakeholders. For example, the images have been used by WWF to highlight the severity of the shifting cultivation crisis afflicting southwest Madagascar and persuade regional decisionmakers, including the Environment and Forest Service, the judiciary and decentralized regional authorities, of the urgency of implementing appropriate policies and ensuring the application of national forest law. In addition, the photographs formed the basis of a travelling public exhibition focused on deforestation and associated environmental problems (including erosion and sedimentation of coastal fishing grounds); the exhibition reached an estimated 10,000 people in 20 towns and villages across Madagascar, and provided an important opportunity for public education in a country where contemporary environmental issues are only rarely discussed in school curricula or mass media. The exhibition is now on permanent display at an environmental education centre managed by the NGO, Bel Avenir, adjacent to the Ranobe PK32 protected area, and is visited by hundreds of school children each month.
PRELIMINARY RESULTS
Since the launch of the programme in 2010, 58 surveillance flights have been carried out over 20 national parks, existing or proposed new protected areas, and management transfers. Preliminary analysis of deforestation rates indicates that deforestation has been reduced in areas subject to repeated aerial surveillance and accompanying field patrols; for example, in the southern part of Tsimanampesotse National Park, the total area of new deforestation fell from 20 ha in 2010 to 3.5 ha in 2012 (Fig. 4) , a reduction of 82.5 per cent, while deforestation rates halved in Ranobe PK32 over the same period (the total area of new deforestation falling from 4,121.3 ha in 2010 to 2,020.5 ha in 2012). The observed declines in deforestation may be the result of the direct dissuasive effect of aerial surveillance and associated foot patrols on communities of shifting cultivators. However, it is difficult to attribute causality because many factors may contribute to the observed decreases, including other management interventions of the protected areas managers (such as alternative livelihoods programmes in surrounding areas) or wider socio-economic changes that may have reduced the attractiveness of shifting cultivation as a livelihood.
Further, rather than focusing only on the aggregate deforestation rates, it is also possible to calculate mean and median values for the size of individual cropland clearings through aerial image analysis using Google Earth Pro, and the number of new clearings established each season. This is important because it gives an indication of the number of farmers involved in shifting cultivation in different parts of protected areas, as well as an understanding of the methods used (e.g. large scale or small scale). For example, our results indicate that migrants, paid by local residents, generally practise large scale shifting agriculture in more remote areas, while local residents clear smaller plots in less remote areas. Such an understanding allows for a more targeted approach to conservation management with local resource users.
DISCUSSION
 Role of oblique aerial photography in protected area management Since many of Madagascar's protected areas (both new, multiple-use sites and established strict protected areas) and their surrounding landscapes are home to large numbers of poor, rural people that depend to some extent on natural resources (including land) for their income, the managers of these sites face an enormous challenge -to conserve biodiversity without negatively impacting the capacity of local communities to meet their household needs. Thus management approaches have largely focused on reducing the impacts of existing resource use practices, and the development of more productive and sustainable forms of land use, such as improved agriculture and alternative livelihoods, designed to reduce the dependence of rural communities on forests and other ecosystems (Gardner et al., 2013) . However, such poverty alleviation strategies ('distraction activities' (Milner-Gulland & Rowcliffe, 2007) ) do not necessarily result in conservation gains, because beneficiaries may use their new income to invest in better tools and/or more labour with which to carry out even more shifting cultivation (Kull, 2000; Sievanen et al., 2005; St John et al., 2013) . Thus livelihood/ distraction interventions implemented by protected area managers must be accompanied by robust resource management rules, and these rules must be effectively enforced. Oblique aerial photography provides a comparatively cheap, rapid and effective tool to facilitate rule enforcement (although it is not currently used for this purpose outside MNP-managed sites), and could also be used to evaluate the performance of management in competitive or contractual community-management initiatives such as management transfers or conservation contracts/direct conservation payments (Sommerville et al., 2010; Sommerville et al., 2011) .
PARKS
 Strengths and weaknesses of aerial photography as a monitoring and management tool Aerial photography has been widely used in ecological research and conservation, for example to classify and map vegetation and habitat types over land and shallow seas (Zharikov et al., 2005; Cassata & Collins, 2008; Bradter et al., 2011) , to track habitat or land cover change over long time periods (Asmamaw et al., 2011; Kull, 2012; Bailey & Inkpen, 2013) , to estimate the density of focal species (Jansen et al., 2008; Buckland et al., 2012) and to detect advancing threats such as invasive species (Haby et al., 2010) and aquaculture (Bendell & Wan, 2011) . Aerial surveys (which may or may not involve photography) are also widely used to monitor a range of animal species (Bouché et al., 2010; Parker et al., 2010; Kantar & Cumberland, 2013) . However, we are not aware of any literature on the use of aerial photography to detect and monitor deforestation in and around protected areas, despite a number of practical advantages conveyed by the method. We suggest that oblique aerial photography has four main advantages compared with alternative remote sensing methods.
Cost
The cost of one annual surveillance flight of Tsimanampesotse National Park, excluding personnel time, is €4,897, or €0.024/ha (Table 1) Table 1 : Cost in Euro of a single aerial surveillance campaign over i) Tsimanampesotse National Park and ii) a suite of four protected areas in southwest Madagascar. The cost for Tsimanampesotse National Park as part of a multiple protected area campaign was calculated as total cost multiplied by the proportional area of the site to total area surveyed.
capital Antananarivo to the centre of operations Toliara, important cost reductions can be made by carrying out the surveillance flight as part of a larger campaign over four protected areas; in this case the cost for Tsimanampesotse National Park declines to €3,081, or €0.015/ha, a reduction of 37.1 per cent. For this reason, WWF/ASF-B surveillance flights are always carried out over multiple protected areas in a single campaign.
For comparison, the cost of high-resolution satellite imagery lies in the range of €0.10/ha (EROS) to €0.22/ha (Kompsat) (although this is dependent on a range of specifications): the required imagery for Tsimanampesotse National Park would therefore cost €20,990-44,980, or 6.8 to 14.6 times the cost of aerial surveillance carried out as part of a multiple protected area campaign. However, we note that the costs of plane hire may be highly variable in different parts of the world, and that the costs of satellite imagery may decline in future.
Simplicity and ease of use
The oblique aerial photography method is simple and easy to use at every stage, facilitating its adoption and use by protected area management agencies in tropical developing countries worldwide. The rented plane does not need to be equipped with special photographic equipment, as is needed for vertical photography. The photography itself requires only a 30-minute training session since all camera settings are pre-set and unvarying, while the analysis of images requires only minimal training in the use of Google Earth and GIS software. In total a computer-literate person can become highly competent in image analysis following one day of training and one week of practice to develop the necessary skills. In contrast, the analysis of satellite imagery requires advanced technical knowhow that is beyond the capacity of most protected area management agencies in Madagascar and worldwide, and could therefore be expected to entail greater personnel costs.
Real-time data
Deforestation analyses based on satellite imagery cannot be performed until the requisite images are commercially available, which may be more than two months from the date of the image. This limits their utility to protected area managers, who may require real-time understanding of land use change within their sites for rapid intervention in the field. With oblique aerial photography, observers are able to pinpoint important
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Aerial photographs from WWF's programme have been used in a number of ways beyond surveillance and monitoring, including a travelling exhibition highlighting the impacts of shifting cultivation © Louise Jasper sites of deforestation during the flight itself and, by selectively processing images from key sites first, can have the information necessary to support foot patrols available within 24 hours if required. However such rapid response is not usually required in the management of Madagascar's new protected areas, since farmers remain tied to their cleared lands for several months following surveillance flights, which take place at the start of the planting season.
Easy to interpret and versatile outputs
Oblique aerial images are intuitively easy to interpret compared to maps and satellite imagery, because they show objects (buildings, trees, landforms) from an angle which people can easily recognize. As a result, the images are not limited to deforestation analyses but can be used in a range of communications tools designed for different audiences. As well as providing a powerful tool for mutual learning and participatory decision-making between protected area managers and rural resource users, aerial photography generated by the surveillance programme has been used by WWF and its partners in i) lobbying regional decision-makers, ii) education of Malagasy children and the general public through travelling public exhibitions and use in the children's environmental magazine Vintsy, and iii) education and marketing aimed at foreign audiences, including funders, supporters and the general public, through varied media including calendars and posters, social media, and a forthcoming coffee table book. The images offer a powerful, striking and immediate illustration of the severity of Madagascar's environmental crisis and the urgency of taking action.
 Constraints, caveats and further research
In our experience, the use of oblique aerial photography for surveillance and monitoring of protected areas has several minor drawbacks. First, and like satellite imagery, the flights themselves require calm and cloudfree weather conditions: while this is generally the case in sub-arid southwest Madagascar where the surveillance programme has largely been carried out, adverse weather has proved problematic for the surveillance of mountainous sites in the country's humid regions. The problem has been largely overcome by altering flight routes to circumnavigate mountainous protected areas rather than (or in addition to) traversing them. Second, the analysis of imagery can be time consuming because many thousands of photographs are generated in a single surveillance flight and treatment time is proportional to the number of clearings observed. In general an experienced analyst can treat about 15 clearances in a day and can complete analysis of a protected area such as Tsimanampesotse National Park in six days: however, we are unable to generate comparable time estimates for the use of satellite imagery because such information is rarely published in research papers. Third, the treatment of images requires good spatial awareness, a characteristic that must be tested during recruitment for the post. Finally, the localization of clearings on Google Earth can be difficult if they occur in an area without recognizable landmarks, such as landforms or older clearings; however the vast majority of clearings occur at the forest frontier rather than within large blocks of homogeneous forest, and can thus be easily located in relation to older clearings.
Although oblique aerial photography is just a tool, the uses to which it is put may have major effects on both the effectiveness of protected area management and the wellbeing of shifting cultivator communities, topics which therefore warrant further investigation. Understanding how shifting cultivator communities respond to over-flights and associated patrols when these are used for i) law enforcement in strict protected areas and ii) discussions (but not law enforcement) in multiple -use protected areas, will require much further research, but would provide important contributions to debates on the social impacts of protected areas and the relative effectiveness of strict versus multiple-use protected area models. For example, it is important to know whether farmers no longer practising shifting cultivation within participating protected areas are displacing their agriculture elsewhere (Ewers & Rodrigues, 2008) , intensifying their cultivation of existing farmland (Pollini, 2012) , or abandoning the livelihood in favour of other activities (including opportunities arising from protected area-related projects). In addition, and in the context of recent discussions on the use of drones in conservation (Duffy, 2014; Humle et al., 2014) , it would be interesting to compare the impact of aerial photography versus drones on the attitudes and behaviour of rural communities, since this will affect the outcomes and effectiveness of future management interventions.
CONCLUSIONS
WWF, ASF-B, SAPM and MNP have been carrying out oblique aerial photography over national parks and new protected areas in Madagascar's sub-arid spiny forests since 2010 and humid forests since 2011. The programme has provided protected area managers with a powerful new tool with which to tackle their greatest immediate challenge, deforestation from shifting cultivation. As well as providing quantitative data on deforestation rates, the programme has facilitated an increased understanding by managers of shifting cultivation as a social process, and improved dialogue with cultivating communities and other stakeholders, thus contributing to more effective co-management. Our comparative data show that oblique aerial photography offers excellent value for money compared to the use of high definition satellite imagery, as well as conferring other benefits, and additionally can facilitate conservation communication of various forms. Oblique photography is relatively cheap, simple and easy to use, and we therefore believe it has great potential to contribute to protected area management efforts in tropical developing countries worldwide, when accompanied by appropriate actions on the ground. Ocean. She has been working increasingly over the last ten years with local communities, businesses, NGOs, governments, and research organizations to find shared solutions for building socio-ecological sustainability in various sectors, with a focus on production practices relying on natural resources, and supporting market transformations that enhance environmental conservation and the livelihoods of smallholder farmers. She currently works for ENDEVA and supports business solutions to scale inclusive businesses in agriculture, climate change adaptation and mitigation, and ecosystem protection.
ABOUT THE AUTHORS
